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Abstract: A leaf spring is a straightforward type of spring, generally employed for the suspension in 
wheeled vehicles. Leaf Springs are lengthy and narrow plates connected to the frame of the trailer that 
rest below or above the trailer's axle. The Car Industry has proven increase interest for substitute of steel 
leaf spring with this of composite leaf spring, because the composite material has high strength to weight 
ratio, good corrosion resistance. The paper describes dynamic and static analysis of steel leaf spring and 
laminated composite Multi leaf spring. The aim would be to compare displacement, frequencies, 
deflections and weight savings of composite leaf spring with this of steel leaf spring. The length of a 
current conventional steel leaf spring of the Light design calculations. Dynamic and static Analysis of 
three-D type of conventional leaf spring is conducted using ANSYS. Same dimension is utilized in 
composite multi leaf spring using S2 Glass/Epoxy and Kevlar/Epoxy unidirectional laminates. Analysis is 
completed by layer stacking way of composites by altering reinforcement angles for several layers, 5 
layers and 11 layers. The load of composite leaf spring is in contrast to those of steel leaf spring. The look 
constraints are stresses and deflection. 
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I. INTRODUCTION 
A spring is understood to be a flexible body, whose 
function would be to distort once the load is taken 
away its original shape once the load is taken away. 
Springs are unlike other structure components for 
the reason that they undergo significant 
deformation when loaded their compliance permits 
them to store readily recoverable mechanical 
energy. In the vehicle leaf spring, once the wheel 
meets a hurdle, the springing enables movement of 
wheel within the obstacle and after that returns the 
wheel to the normal position. Semi-elliptical leaf 
springs are nearly globally employed for leaf 
spring. The laminated spring includes quantity of 
leaves known as blades [1]. The blades are 
different long curvature so they will have a 
tendency to straighten underneath the load. The leaf 
spring is design relies upon the idea of beams of 
uniforms strength. Initially known as laminated or 
carriage spring, a leaf spring is a straightforward 
type of spring, generally employed for the leaf 
spring in wheeled vehicles. It's also among the 
earliest types of springing, dating back medieval 
occasions. Sometimes known as semi-elliptical 
spring or cart spring, it requires the type of a 
slender arc formed period of spring steel of 
rectangular mix section. The center from the arc 
provides place for the axle, while tie holes known 
as eyes are supplied at either finish for attaching 
towards the vehicle body. For very heavy vehicles, 
a leaf spring can be created from the 3 leaves 
stacked on the top of one another in a number of 
layers, frequently with progressively shorter leaves. 
Leaf springs can serve locating and to some degree 
damping in addition to springing functions [2]. To 
save natural sources and economize energy, fat loss 
continues to be the primary focus of automobile 
manufacturer in our scenario. The advanced 
composite materials for example Graphite, Carbon, 
Kevlar and Glass with appropriate resins are 
broadly used due to their high specific strength 
(strength/density) and specific modulus 
(modulus/density). Advanced composite materials 
appear ideally suited to leaf spring (leaf spring) 
applications. Accurate modeling of leaf springs is 
essential in evaluating ride comfort, braking 
performance, vibration characteristics and stability. 
The goal of this research is to locate an efficient FE 
way of the research into the laminated leaf springs, 
which enables for fast analyses and simple 
implementation. Leaf springs can serve locating 
and to some degree damping in addition to 
springing functions. As the interleaf friction 
supplies a damping action, it's not well controlled 
to cause station within the motion from the leaf 
spring. Because of this manufacturers have 
attempted mono-leaf springs. A leaf spring may 
either be attached straight to the frame at both sides 
or attached directly at one finish, normally the 
front, using the other finish attached via a shackle, 
a brief swinging arm. The shackle occupies the 
inclination from the leaf spring to elongate when 
compressed and therefore creates softer 
springiness. Some springs ended inside a concave 
finish, known as a spoon finish (rarely used now), 
to hold a swiveling member. There have been a 
number of leaf springs, usually using the word 
"elliptical". "Elliptical" or "full elliptical" leaf 
springs known two circular arcs linked in their tips. 
Today leaf springs continue to be utilized in heavy 
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commercial vehicles for example vans and trucks, 
SUVs, and railway carriages. For heavy vehicles, 
they've the benefit of distributing the burden more 
broadly within the vehicle's chassis, whereas coil 
springs transfer it one point. Unlike coil springs, 
leaf springs also locate the trunk axle, eliminating 
the requirement for trailing arms along with a Pan 
hard fishing rod, therefore saving cost and weight 
inside a simple live axle rear leaf spring. A far 
more modern implementation may be the parabolic 
leaf spring... Spacers prevent contact at other 
points. Apart from fat loss saving, the primary 
benefit of parabolic springs is the greater 
versatility, which means vehicle quality of ride that 
approaches those of coil springs. 
 
Fig.1.Leaf spring model 
II. PROPOSED MODEL 
All leaf spring systems contain two primary 
ingredients, a spring component along with a 
damper component. The leaf spring’s primary 
purpose would be to remove axle excitation before 
these disturbances achieve the chassis. There's a 
verity of various leaf spring s utilized on vehicles. 
However, some kinds of leaf spring s have become 
more pop lour than the others. Within the truck 
/vehicle industry the overwhelming majority are 
leaf springs. Leaf springs are less costly, simpler 
and much more reliable than every other common 
leaf spring. The car chassis is installed on the axles, 
not direct but some type of springs. This is 
accomplished to isolate the automobile body in the 
road shocks, which can be by means of bounce, 
pitch, roll or sway. All of the part, which performs 
the part of isolating the car in the road shocks, is 
with each other known as a leaf spring system. It 
offers the springing device used as well as other 
mountings for the similar. Generally speaking, leaf 
spring system includes a spring along with a 
damper. The power of road shock causes the spring 
to oscillate. These oscillations are limited to an 
acceptable level through the damper that is more 
generally known as a surprise absorber [3]. The 
leaf spring includes a round container guaranteed 
towards the chassis, a shaft connected to the axle 
and liberated to slide inside the plastic rings within 
the cylinder, there's two centering rings, the 
underside one fixed towards the lower finish from 
the cylinder and also the upper the first is arranged 
up to possible keeping in consideration that within 
the rebound position shaft must remain based on it 
through the plastic rings and absorb the vertical 
dynamic load. Independent Leaf spring.  Front 
Wheel Independent Leaf spring Independent leaf 
spring is becoming almost universal within the 
situation of front axle, because of the simple this 
type of leaf spring system. Rear Wheel Independent 
Leaf spring: Although the rear wheels aren't to be 
steered, yet there's a substantial difficulty within 
the rear wheel springing when the power needs to 
be transmitted towards the rear wheel. But the rear 
wheel independent springing is originating into 
prominence due to its distinct advantages within 
the rigid axle type. Universal couplings keep your 
wheel vertical, as the sliding coupling is needed to 
keep the wheel track constant, therefore staying 
away from scrubbing from the tires: this process 
has been utilized within the DEDION kind of axle. 
Another way of rear wheel independent leaf spring 
may be the trailing link type. Within this the 
trailing links are pivoted at right angles towards the 
longitudinal axis from the vehicle and carry the 
trunk wheels in their ends. The trailing links 
contain the wheels firmly as well as sustain 
speeding up the braking pressure. It's claimed the 
combined metal - rubber mountings respond softly 
on straight roads, growing ride comfort. Wishbone 
type leaf spring: Using coil springs right in front 
axle leaf spring of vehicle has become almost 
universal. It includes upper and also the lower 
wishbone arms pivoted towards the frame member. 
The spring is positioned among the low wishbone 
and also the bottom from the mix member. The 
automobile weight is transmitted in the body and 
also the mix member towards the coil spring by 
which it is going towards the lower wishbone 
member. A surprise absorber is positioned within 
the coil spring and it is connected to the mix 
member and also the lower wishbone member. The 
wishbone type is easily the most popular 
independent leaf spring system Mac Person Strut 
Kind of Leaf spring: Within this layout only lower 
wishbone are utilized. A strut that contains impact 
absorbing and also the spring carriers even the stub 
axle which the wheel is mounted. The wishbone is 
hinged towards the mix member and positions the 
wheel in addition to resists speeding up, braking 
and side forces. This technique now is easier than 
double wishbone type described above and it is 
lighter, maintaining your unstrung weight lower. 
This kind of leaf spring provides the maximum 
room within the engine compartment and it is, 
therefore generally used Design and Analysis of 
Leaf Spring by utilizing Composite Material for 
Light Vehicles on front wheel drive cars. In India 
this technique has been utilized in Maruti (Suzuki) 
800 cars. This kind of leaf spring  with anti-roll bar 
as used in Volkswagen Jetta and Passat cars. This 
really is claimed to supply elevated road safety, 
improve ride comfort and lightweight and self-
stabilizing steering meaning vehicle continues 
along its selected type of travel once the brakes are 
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applied although the road surface can vary. Vertical 
guide leaf spring [4].  The king pin is attached 
straight to the mix person in the frame. It may slide 
up and lower, akin to the up and lower motions 
from the wheel, thus compressing or elongating the 
springs. Within this the track, wheel base and 
wheel attitude remain unchanged, however the 
product is getting disadvantages of decreased 
stability. Trailing Link Leaf spring  in this kind of 
leaf spring , a coil spring is connected to the 
trailing link which is connected to the transporting 
the wheel hub. Once the wheel rises and lowers, it 
winds and unwinds the spring. A torsion bar has 
additionally been utilized in certain designs instead 
of the coil spring. The machine does keep up with 
the camber and also the wheel track constant. 
However, the space between your front and also the 
rear wheels does change. Difficulty to treat this 
defect may be the primary reason behind its limited 
use within actual practice. Winging Half Axle Leaf 
spring  within these wheels is mounted rigidly 
around the half axles that are pivoted on their own 
ends towards the chassis member at the center of 
vehicle. The primary drawback to this technique is 
the fact that up and lower movement from the 
wheel causes the camber position to alter. 
Interconnected Leaf spring  Systems: During these 
systems, the front and back leaf spring  units 
otherwise the units around the two sides from the 
automobile are connected together. Leaves 
comprise laminated strips of curved steel. The 
chassis props up two ends and center of the spring 
is attached to the axle because the leaf spring is 
compressed, the steel leaves bend serving as 
springs, leaving slide across one another dissipating 
energy through coulomb friction. The mathematical 
leaf-spring model utilized in this research may be 
the semi-analytic model in line with the Euler beam 
theory. Four fundamental kinds of leaf spring 
systemsL 1. Multi-leaf spring, 2. Mono leaf spring, 
3. Parabolic Single leaf, 4. Fiberglass Leaf spring. 
III. FATIGUE CONCEPT 
Fatigue In narrow sense, the word fatigue of 
materials and structural components means damage 
and damage because of cyclic, frequently applied 
stresses. Inside a wide sense, it offers a lot of 
phenomena of delayed damage and fracture under 
loads and ecological conditions. It's expedient to 
differentiate between high-cycle (classic) and 
occasional-cycle fatigue. Plastic deformations are 
small , localized near the crack tip as the primary 
area of the is deformed elastically, the other has 
high-cycle fatigue. When the cyclic loading is 
supported by plastic deformation in the majority of 
your body, the other includes a low-cycle fatigue. 
The resulting stress might be underneath the 
ultimate tensile stress, or perhaps the yield stress 
from the material, but still cause catastrophic 
failure. Metallic paperclip could be bent past its 
yield point having to break, but repeated bending 
within the same portion of wire may cause material 
to fail. Fatigue Strength Fatigue strength is 
understood to be the utmost stress that may be 
suffered for any specified quantity of cycles 
without failure. Low cycle fatigue strength 
approaches the static strength. The examples are 
machined with shape characteristics which increase 
the fatigue existence of the metal, and therefore are 
highly polished to supply the top characteristics 
Design and Analysis of Leaf Spring by utilizing 
Composite Material for Light Vehicles which let 
the best fatigue existence. The exam mechanism 
counts the amount of rotations (cycles) before the 
specimen fails. A lot of tests operate each and 
every level of stress of great interest, and also the 
answers are statistically massaged to look for the 
expected quantity of cycles to failure at this level of 
stress. The cyclic level of stress from the first group 
of tests is a few large number of the best Tensile 
stress (UTS), which produces failure inside a 
relatively few cycles. Subsequent exams are run at 
lower cyclic stress values until an amount is located 
where the sample can survive ten million cycles 
without failure. The cyclic level of stress the 
material can sustain for ten million cycles is known 
as the Endurance (EL). Fatigue Failure: Failure is 
among most significant facets of material conduct 
since it is directly influent picking a material for 
several application, the technique of producing and 
repair existence of component. Nearly all 
engineering failures come from fatigue. Fatigue 
failure is understood to be the inclination of the 
material to fracture by way of progressive brittle 
cracking under repeated alternating or cyclic 
stresses of intensity significantly underneath the 
normal strength. For many mild steels, cyclical 
stresses could be ongoing indefinitely provided the 
height stress (sometimes known as fatigue strength) 
is underneath the endurance limit value. The kind 
of fatigue on most concern in circuit cards, 
gasoline, diesel, gas turbine engines and lots of 
industrial applications is thermal fatigue. Thermal 
fatigue can arise from thermal stresses created by 
cyclic alterations in temperature. Fundamental 
needs during design and manufacturing for staying 
away from fatigue failure will vary for various 
cases and should be thought about during design 
phase. Fatigue failures more often than not can start 
the top of the material. Fatigue failure can also be 
because of crack formation and propagation. A 
fatigue crack will typically initiate in a 
discontinuity within the material in which the 
cyclic stress is really a maximum. Composite Leaf 
Springs: Composites are perfect for leaf-spring 
applications because of their high strength-to 
weight ratio, fatigue resistance and natural 
frequency. Internal damping within the composite 
material results in better vibration energy 
absorption inside the material, leading to reduced 
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transmission of vibration noise to neighboring 
structures. The greatest benefit, however, is mass 
reduction: Composite leaf springs are as much as 
five occasions stronger than the usual steel spring. 
IV. ANALYSIS IN ANSYS 
Introduction ANSYS is general-purpose finite 
element analysis (FEA) software program. Finite 
Element Analysis is really a statistical approach to 
deconstructing an intricate system into really small 
pieces (of user-designated size) known as elements. 
The program implements equations that govern the 
conduct of those elements and solves all of them 
developing a comprehensive explanation of 
methods the machine functions in general [5]. 
These results then could be presented in tabulated, 
or graphical forms. This kind of analysis is usually 
employed for the look and optimization of the 
system way too complex to evaluate by hands. 
Systems that could squeeze into this category are 
extremely complex because of their geometry, 
scale, or governing equations. ANSYS may be the 
standard FEA teaching tool inside the Mechanical 
Engineering Department at the most colleges. 
ANSYS can also be utilized in Civil and Electrical 
Engineering, along with the Physics and Chemistry 
departments. ANSYS supplies a cost-efficient way 
look around the performance of merchandise or 
processes inside a virtual atmosphere. This kind of 
product known as virtual prototyping. With virtual 
prototyping techniques, users can iterate various 
scenarios to optimize the merchandise lengthy prior 
to the manufacturing are began. This permits a 
decrease in the amount of risk, as well as in the 
price of ineffective designs. Modal Analysis: A 
modal analysis is usually used to look for the 
vibration characteristics (natural frequencies and 
mode shapes) of the structure or perhaps a machine 
component even though it is being designed. It may 
also function as a beginning point for an additional, 
more in depth, dynamic analysis, like a harmonic 
response or full transient dynamic analysis. Modal 
analyses, while being probably the most 
fundamental dynamic analysis types obtainable in 
ANSYS, May also is more computationally time 
intensive than the usual typical static analysis. A 
lower solver, utilizing instantly or by hand selected 
master levels of freedom can be used to drastically 
lessen the problem size and solution time. 
 
Fig.2.Deformation & stress in steel 
 
V. CONCLUSION 
As leaf spring contributes significant amount of 
weight towards the vehicle and must be sufficiently 
strong, just one composite leaf spring was created 
which is proven the resulting design and simulation 
stresses tend to be underneath the strength qualities 
from the material satisfying the utmost stress 
failure qualifying criterion. In the static analysis 
results, we have seen the von- misses stress within 
the steel is 352.917 Map. And also the von- misses 
stress in Eglass/ Epoxy is 178.356MPa. Composite 
mono leaf spring cuts down on the weight by 
nearly 84% for E-Glass/Epoxy. In the fatigue 
analysis results, the usage factor of Eglass/Epoxy is 
extremely less when compared with steel. Hence 
it's beneficial to exchange steel leaf spring with 
Eglass/Epoxy. 
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